Due to the need for high-resolution angiographic and interventional vascular imaging, a Micro-Angiographic Fluoroscope (MAF) detector with a Control, Acquisition, Processing, and Image Display System (CAPIDS) was installed on a detector changer, which was attached to the C-arm of a clinical angiographic unit at a local hospital. The MAF detector provides high-resolution, high-sensitivity, and real-time imaging capabilities and consists of a 300 µm-thick CsI phosphor, a dual stage micro-channel plate light image intensifier (LII) coupled to a fiber optic taper (FOT), and a scientific grade frame-transfer CCD camera, providing an image matrix of 1024×1024 35 µm effective square pixels with 12 bit depth. The changer allows the MAF region-of-interest (ROI) detector to be inserted in front of the Image Intensifier (II) when higher resolution is needed during angiographic or interventional vascular imaging procedures, e.g. endovascular stent deployment. The CAPIDS was developed and implemented using Laboratory Virtual Instrumentation Engineering Workbench (LabVIEW) software and provides a user-friendly interface that enables control of several clinical radiographic imaging modes of the MAF including: fluoroscopy, roadmapping, radiography, and digital-subtraction-angiography (DSA). The total system has been used for image guidance during endovascular image-guided interventions (EIGI) for diagnosing and treating artery stenoses and aneurysms using self-expanding endovascular stents and coils in fifteen patient cases, which have demonstrated benefits of using the ROI detector. The visualization of the fine detail of the endovascular devices and the vessels generally gave the clinicians confidence on performing neurovascular interventions and in some instances contributed to improved interventions.
INTRODUCTION
Conventional X-ray Image Intensifiers (II), which typically have resolution of 3 lp/mm, may not meet the needs of angiographic and interventional vascular imaging for neurovascular procedures involving small vessels and devices, such as endovascular image-guided interventions (EIGI) with stents, which have a strut size of only 70 µm. We investigated a high resolution ROI MAF detector installed in front of the II detector to evaluate its use in neurovascular interventional procedures.
METHODS AND MATERIALS
A region-of-interest (ROI) detector, the Micro-Angiographic Fluoroscope (MAF) was installed on a detector changer [1] , which was attached to the frontal C-arm ( Figure 1 ) of a Toshiba Infinix dual plane C-arm angiographic system having a 12-inch diameter II on each plane. 
Video Switch Control
The MAF was controlled by custom-built software, CAPIDS [2, 3, 4] . A closer look at the deployed ROI detector system is shown in Figure 2 . Figure 3 shows the control room view of the ROI system. The MAF control monitor is next to the II control monitor. Inside the angio room, the frontal II and the MAF share the lower left monitor of the monitor array since only one is used at any time. The MAF computer is inside the closet as indicated in Figure 3 . The video switch, NI USB-6221 board (for adjusting the gain of the MAF), and the power supplies are also inside the closet shown in Figure 3 . A detailed connection diagram is shown in Figure 4 . The MAF detector ( Figure 5 ) consists of a 300 µm CsI phosphor; a dual-stage micro-channel plate Light Image Intensifier (LII) coupled to a 2.88:1 fiber-optic taper (FOT) and a fast-frame-rate, progressive-scan, frame-transfer CCD camera. The MAF detector's field of view is nominally 4 cm in diameter and it provides 1024×1024 pixels resolution with 35 micron pixel size and 12 bit depth for each pixel [5, 6] . A typical EIGI stent deployment for treating an aneurysm or stenosis using the ROI detector system proceeds as follows: 1. Before a patient enters the procedure room, Figure 1 . Region-of-Interest (ROI) angiographic system at local university hospital Figure 2 . ROI system, the MAF, installed at the university hospital. adjusted if necessary and a remote video switch ( Figure 4 ) is used to transfer the MAF signal to the II/MAF shared monitor ( Figure 3 ). 5. The stent and wires are deployed under the guidance of the MAF typically using the Roadmap mode or Roadmap mode with "display fluoro" selected. 6. DSA images are acquired using the II or MAF or both (not simultaneously) to evaluate the diverted blood flow with stent and wires in place.
RESULTS AND DISCUSSION
To date, fifteen human cases were performed using the MAF system for image guidance during endovascular imageguided interventions (EIGI) for diagnosing and treating artery stenoses and aneurysms using self-expanding endovascular stents and coils. The technique parameters of the 15 patients are shown in Table 1 . Typically, patients received much less integral dose when using the MAF than when using the II because of the small field of view and because the output is limited using the small focal spot which is preferred for high-resolution imaging. Six key cases are presented here which demonstrate the benefits of using the ROI MAF detector.
Case #2
Patient case #2 is a follow-up case for checking an aneurysm previously treated with a stent and coils. The coils filled the aneurysm to stop blood flow into the aneurysm, and the stent prevented the coils from herniating out of the aneurysm. Both the stent and the coils are clearly visualized by using MAF detector (Figure 6 , left). The pocket inside the aneurysm is clearly seen. Contrast was injected to visualize the modified flow during fluoroscopy, showing negligible flow getting into the aneurysm even though there is an unfilled pocket inside the aneurysm, which reconfirmed that the previous treatment was successful. A DSA run also reconfirmed the diverted flow ( Figure 6 , right). 
Case #4
Patient case #4 (Figure 7 ) has a partially thrombosed P-com (posterior communicating artery) aneurysm. A stent and coils were used in this case. The procedure was done under MAF guidance. During the deployment of the coils, the tip of the catheter holding the coil was being pushed back towards the aneurysm neck; this was detected by the neurosurgeon and the catheter was inserted back into the center of the aneurysm. If the II were used, the tip movement might not have been noticed and could have caused the coil to have been dangerously deployed outside of the aneurysm. 
Case #7
Patient case #5 (Figure 8 ) has a right middle cerebral artery (RMCA) occlusion and an A-com (anterior communicating artery) aneurysm. In this case, because of the high-resolution images provided by the MAF, the neurosurgeon decided that a stent was not needed to keep the coil inside the aneurysm. The MAF's high-resolution visualization saved the patient an expensive stent and a prolonged period on antiplatelet therapy (Plavix). High-resolution video sequences are available to illustrate in detail the successful use of the MAF.
Patient case #7 was a giant aneurysm measuring 15.6 mm by 12.9 mm diameter. Three long coils were inserted into the aneurysm. The first coil was inserted using II imaging; the other 2 coils were inserted using the MAF. Figure 9 shows 1, 2, and 3 coils inside the aneurysm as well as the II DSA image before coiling. How the coil filled the aneurysm is visualized very clearly under the MAF's guidance. After the deployment of 3 long coils, the aneurysm was completely filled. 
Case #9
Patient case #9 was a heavy patient and there was a lot of patient movement during the procedure. The maximum diameter of the aneurysm, measured from the aneurysm neck to the dome, was 9.4 mm. A DSA angiogram taken using the II before the treatment is shown in Figure 10 . Six coils were deployed inside the aneurysm. During the 4th coil deployment, the coil appears wavy inside the deployment catheter due to the pushing force applied on the coil ( Figure  11 ). The "waving" effect could only be seen using the MAF and implies high force was applied to the wire, which should be avoided during the coil deployment. The neurosurgeon adjusted the force applied on the wire to avoid breaking the coil or rupturing the aneurysm. The whole coil was deployed inside the aneurysm after a couple of attempts. The high resolution MAF helped neurosurgeons to perform a more accurate and successful procedure. DSA images were taken during the procedure using the MAF to check the blood flow. Figure 12 shows the MAF DSA images taken after 1, 2, 4, and 6 coils were deployed inside the aneurysm. After just 1 or 2 coils were deployed, contrast was still visible in the DSA image. After 6 coils were deployed, there was negligible contrast flow inside the aneurysm. 
Case #14
Patient case #14 is an aneurysm case. The plan was to partially deploy the stent to block the coils going into the main artery, and then deploy the coils before recapturing the stent. Due to the difficulties of recapturing the stent after deploying 2 coils, the stent was finally deployed. Figure 13 shows the whole procedure. The coil delivery catheter was first inserted inside the aneurysm, followed by inserting the coil to the tip of the coil delivery catheter (Figure 13-1) . The catheter holding stent was also inserted (Figure 13-1) . The stent was then partially deployed covering the aneurysm neck as shown in Figure 13 -2. The distal markers of the stent are clearly visualized using the MAF (Figure 13-2 ). The 1st coil was then deployed inside of the aneurysm (Figure 13-3 ). An MAF DSA run was performed indicating contrast still goes into the aneurysm, which is not shown in Figure 13 . A second coil was then inserted into the aneurysm (Figure 13-4) followed by another MAF DSA run. Even though the DSA looked very good, the neurosurgeon still wanted to insert another coil to further improve the filling. The neurosurgeon attempted to deploy the 3rd coil, but the coil could not be inserted completely; the waviness of the coil inside the delivery catheter showed that there was already too much force being applied to the coil. Finally the tip of the delivery catheter was inadvertently pushed outside of the aneurysm by the pressure of the coil as shown in Figure 13 -5. Both the waving effect of the coil and the small movement of the catheter tip were not detectable by using the standard resolution II detector. The neurosurgeon decided to withdraw the 3rd coil. Two more MAF DSA runs were performed to make sure two coils were sufficient for this case. Next an attempt to withdraw the coil delivery catheter was made because there were no more coils to be delivered. The neurosurgeon then made multiple failed attempts to recapture the stent back into the stent delivery catheter. The MAF images indicated that the distal end of the stent was stuck on part of the coil mass (indicated by the square on Figure 13 -6) a detailed feature not visualizable with an II. The stent delivery catheter could not be advanced to recapture the partially deployed stent. The stent was then deployed in the main artery as shown in Figure 13-6 . Both the distal markers and the proximal markers are clearly visualized using the MAF.
CONCLUSIONS
The ROI system has been used during neuro-endovascular image-guided interventions (EIGI) for diagnosing and treating artery stenoses and aneurysms using self-expanding endovascular stents and coils in 15 patient cases. This experience has shown the substantial potential benefits of using the MAF ROI detector. Visualization of finer details of endovascular devices and vessels increased the confidence of neurosurgeons in performing neurovascular interventions. The full impact of the MAF toward improving the outcomes of EIGIs will be explored in future continuing studies.
